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Introduction
In 2014, resuscitation was attempted in 28,729 out-of-hospital cardiac arrests (OHCAs) in England, with 7.9% surviving to hospital discharge [1] . Emergency Medical Services (EMS) in England aim to arrive at 75% of OHCAs within 8 minutes [1] [2] but the chance of survival is dramatically reduced by this time. Early activation of EMS, good-quality cardiopulmonary resuscitation (CPR) and use of an Automated External Defibrillator (AED) by bystanders, often referred to as Public Access Defibrillation (PAD), have a substantial impact on survival [1] [3]. Improving the community response to OHCA could save many lives, and so efforts to motivate the public to help in an emergency are vital.
Evidence for the efficacy of PAD is clear. Survival rates of 25.9% were reported in victims defibrillated with public-access AED across the UK between [1999] [2000] [2001] [2002] [2003] [2004] [2005] as part of the National Defibrillator Programme [4] . By 2015-16, London
Ambulance Service (LAS) reported that 57.3% of patients receiving at least one shock from a public-access AED survived to hospital discharge [5] . Survival rates of greater than 70% have been reported in OHCA victims defibrillated by bystanders within two minutes of collapse [6] .
There is a large unmet health need for OHCA victims worldwide. In England, 55.2% of OHCA victims received bystander CPR, a rate far behind the bestperforming systems [6] [7] . In 2014, only 2.4% of victims received PAD [1] , a figure echoed in several international studies [8] [9] [10] despite evidence that up to a quarter of OHCA occur within 100m of an AED [8] , [11] [12] .
A number of systems have been developed using mobile phone technology to rapidly alert volunteers to a nearby OHCA. [13] . In Stockholm, a randomised controlled trial demonstrated that a text-message alert system significantly increased rates of bystander CPR from 47.8% to 61.6%. 30-day survival was unaffected, but there was no mention of PAD provision in this trial [9] . Such systems do have problems: volunteers are not always activated and they do not always respond or arrive on scene before professional help arrives [9] , [13] [14] [15] .
In 2015, The International Liaison Committee on Resuscitation (ILCOR)
identified a lack of knowledge in the published literature about the effect of volunteer first-responder systems and app-based digital technology, including how best to deploy AEDs within these systems [16] . The American Heart
Association have similarly acknowledged that mobile apps represent an opportunity to improve the response to OHCA [17] .
The development of GoodSAM
In 2012, doctors from London's Air Ambulance were concerned that trauma patients with eminently survivable isolated traumatic brain injuries might be dying because of 'Impact Brain Apnoea'. It may occur after head injury and is accompanied by airway obstruction. Basic airway manoeuvres such as a chin lift and jaw thrust can be delivered by bystanders, but without them victims would suffer significant hypoxic brain injury by the time EMS arrived [18] . It has the potential to be an invaluable link between EMS dispatchers and bystanders.
There are other proprietary app-based systems for dispatching lay firstresponders available, such as Pulsepoint [14] and FirstAED [19] . There are currently no data about the effect these app-based systems might have on patient outcome.
GoodSAM, good governance
GoodSAM, with its experienced clinical and technical teams, have taken several steps to ensure that both victims and responders are adequately protected when a responder offers assistance in cases of emergency. GoodSAM responders can be classified into different categories, according to local protocols. In the UK, these categories are: All responders are encouraged to complete a report form after being alerted.
Additional reports or complaints can be made either to the statutory EMS for the region concerned or to GoodSAM directly. To date, no complaints or serious incidents have been reported.
GoodSAM complies with all the requirements of the UK Data Protection Act (1998), and has a detailed Data Protection policy [20] . Further, it is registered with the Information Commissioner's Office. All data is encrypted using a 256-bit In the UK, there is no specific Good Samaritan legislation that protects people who offer assistance in an emergency. However, we are not aware of successful litigation in the UK against any individual who has intervened to provide lifesaving treatment to an OHCA victim. In addition, the Social Action, Responsibility and Heroism Act was introduced in England and Wales in 2015 [21] . It aims to provide protection to those intervening 'heroically' but responsibly in an emergency, for the benefit of an individual. Medical professionals' existing indemnity is likely to cover them for Good Samaritan acts, although it is the responsibility of the individual to check this and to ensure that they only render assistance if they are competent to do so.
The situation regarding legal liability in other countries varies widely, along with issues regarding certification, depending on the local or national organisation responsible for certification. Information is available from GoodSAM (http://www.goodsamapp.org/faq). Ultimately, the responsibility lies with GoodSAM users, whom we urge strongly to clarify the situation in their own country.
Current usage and functionality
In October 2015, the GoodSAM app was formally integrated with the dispatch can be informed that a GoodSAM volunteer will be arriving to provide assistance, but this is a decision for local EMS and currently varies from area to area.
In the London area, there are more than 1,500 GoodSAM responders and 20-30
GoodSAM notifications triggered by LAS on a typical day, and 4,300 AEDs have been mapped. Across the UK, there are more than 8,000 responders and 13,000 mapped AEDs.
GoodSAM is being used in the UK, Australia, New Zealand, India, USA, Brazil, South Africa and in parts of Europe. There have been more than 32,000 notifications sent to GoodSAM responders and more than 24,000 AEDs mapped worldwide.
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GoodSAM allows users to add the location of a public-access AED themselves.
Users take a photo of the AED with their smartphone camera. Location data is recorded by the phone using GPS or via WiFi and the information sent to
GoodSAM. This AED will be added to the GoodSAM system once the location has been verified. In both London and across New Zealand, data about AEDs registered with GoodSAM are shared with EMS.
The GoodSAM responder app also allows live video transmission from the scene to be sent to the EMS Emergency Operations Centre. This has huge potential to provide feedback for bystanders who provide CPR or bring an AED to the scene. GoodSAM is an internet, cloud-based platform and does not require specific software to integrate with EMS, so start-up and maintenance costs are modest. It is also being used in regions where there is no formal EMS: e.g. in Brazil, to alert trained fire responders to acute medical emergencies. In all other areas, notification of nearby responders relies on members of the public using the Alerter app to call EMS and summon help. However, it is the linkage with EMS that is likely to result in the most notifications and where the real benefits for patients will probably emerge. It must be noted that to date, there has been no scientific evaluation of GoodSAM to determine its effect on patient survival or on other metrics such as bystander CPR rate and bystander AED use. LAS and GoodSAM are liaising with the University of Warwick, UK, and will commence this evaluation work in 2017. Key outcome measures will include the proportion of OHCAs for which a GoodSAM responder was available and accepted the notification, time from accepting notification to arrival on scene, provision of bystander CPR, use of an AED and survival to hospital discharge. Subsequent qualitative analysis will focus on identifying barriers and facilitators to the effective working of GoodSAM, by interviewing responders and those responsible for setting up the technical interface between LAS and GoodSAM.
Next steps
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Concluding remarks
The ultimate aim of GoodSAM, and other similar systems to alert volunteer firstresponders, is to increase the number of people who survive after OHCA. Its strength is that it uses existing technologies, requires little capital investment and is easily adaptable to the needs of different EMS across the UK and worldwide. With proper evaluation and optimisation of the GoodSAM system it could have a significant impact on OHCA survival.
